We conducted a phytosociological study of alpine grasslands with dominant Luzula alpinopilosa in the Julian and Carnic Alps. Based on a comparison with similar communities elsewhere in the Alps we described a new association Junco jacquinii-Luzuletum alpinopilosae, which we classify into the provisional alliance Doronico glacialis-Juncion jacquinii, order Festucetalia spadiceae and class Juncetea trifidi. The new association characterises moist shady grasslands in gullies and on ledges on limestone admixed with marlstone and chert, in the elevation range between 2000 and 2500 m, where the snow cover persists for extended periods. We distinguish three subassociations: -galietosum anisophyllae (the most calcareous form), -potentilletosum aureae (typical form) and -leucanthemopsietosum alpinae (acidophilic form on Werfen sandstones in the Carnic Alps, which is the most similar to the stands of the association Luzuletum alpinopilosae from the Central Alps).
Introduction
Luzula alpinopilosa is a southwestern-European montane species, a character species of the class Salicetea herbaceae (Aeschimann et al. 2004b: 754) . In Slovenia it is distributed only in the Julian Alps (Figure 1) , at the elevation range between 1695 m (Spodnji Lepoč above the Bala valley) and 2500 m (Mt. Mangart). It occurs mainly on shady, gentle to very steep alpine grasslands, in snow beds with dominating Salix herbacea, in tall herb communities, rarely also in alpine heaths. The parent material in these localities is usually mixed; limestone is admixed with marlstone, claystone or chert. So far, it has been recorded in the stands of associations Salicetum herbaceae s. lat., Luzuletum alpinopilosae s. lat. (= Luzuletum spadiceae s.lat.), Caricetum ferrugineae s. lat., Aconito-Peucedanetum ostruthii, Homogyno alpinae-Vaccinietum gaultherioidis, Gentiano pumilae-Salicetum serpillifoliae, Salicetum retuso-reticulatae, Caricetum curvulae s. lat., Carici curvulae-Nardetum, Calamagrostietum villosae nom. prov. (Festuca nigrescensCalamagrostis villosa ass. prov.) -mostly unpublished relevés by Tone Wraber and Igor Dakskobler in the FloVegSi database (Seliškar et al. 2003) . Its occurrence in snow bed communities with Salix herbacea and an abundant moss layer is discussed in another article (Martinčič et al. 2019) , whereas this paper focuses on the phytosociological analysis of alpine grasslands with dominating Luzula alpinopilosa that we found under Mt. Mangart (mainly on the extensive grasslands of Jarečica) and on shady slopes of Mts. Skutnik (Sončni Jelenk), Zadnji Pelc, Plešivec and Bedinji Vrh, at the elevations ranging from 2050 to 2500 m, and observed from afar also elsewhere on the ledges and prominences of the rock wall of Loška Stena. We made 15 relevés. Slightly similar stands with dominating Luzula alpinopilosa were recorded at the elevations from 2000 to 2400 m in the Carnic Alps (Friuli Venezia Giulia) and provisionally classified into the association Luzuletum alpino-pilosae Br.-Bl. in Br.-Bl. et Jenny 1926 (Poldini & Vidali 1995: 167) . In this autonomous region in the northeast of Italy, this species occurs more frequently than in Slovenia (Poldini 2002: 303) . It was recorded also in the stands of associations Salicetum retuso-reticulatae, Sieversio- 14°15°16°4   6  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Oxyrietum digynae and Hieracietum intybacei (Poldini & Martini 1993) . The association Luzuletum spadiceae Rübl 1911 in the Alps comprises initial communities of alpine screes, erosion areas, landslide areas, snow beds on silicate bedrock (Englisch 1993 : 396-398, Pignatti & Pignatti 2014 . The association Taraxaco carinthiaci-Luzuletum alpino-pilosae (Lasen 1982 , Pignatti & Pignatti 2014 ) is reported for the southern limestone Alps in northern Italy, in terrain depressions with long-lasting snow cover. The parent material is flint limestone. In the Austrian part of the Central Alps, in the Lower (Niedere) Tauern, in the Radstadt (Radstädter) Tauern Heiselmayer (1982) described the subassociation Luzuletum alpinopilosae salicetosum retusae, whose stands are characteristic for silicate areas with an admixture of calcareous rocks and occurring on gentle to steep shady slopes at the elevations ranging between 2100 and 2300 m. Its differential species are Salix retusa, Silene acaulis, with a lower frequency also Sesleria caerulea and Carex sempervirens. Our syntaxonomic classification of the stands with dominant Luzula alpinopilosa from the Julian Alps was based on the comparison with similar alpine woodrush communities in the Alps.
Methods
Alpine grasslands with dominant Luzula alpinopilosa were studied applying the Braun-Blanquet method (BraunBlanquet 1964) . The relevés from Slovenia were entered into the FloVegSi database (Fauna, Flora, Vegetation and Paleovegetation of Slovenia) of the Jovan Hadži Institute of Biology at ZRC SAZU (T. Seliškar et al. 2003) and together with relevés from Friuli Venezia Giulia arranged into Table 1 based on hierarchical classification. We transformed the combined cover-abundance values with numerical values (1-9) according to van der Maarel (1979) . Numerical comparisons were performed with the SYN-TAX 2000 program package (Podani 2001) . The relevés were compared by means of "(unweighted) average linkage method" -UPGMA, using Wishart's similarity ratio. Communities from Slovenia and Friuli were compared with similar, already described communities in the Alps. We constructed a synthetic table (Table 2) . Hierarchical classification was employed in this comparison as well, and the same method was used as in our comparison of individual relevés, but the measure of dissimilarity was also Jaccard's Index. The nomenclatural source for the names of vascular plants are the Mala flora Slovenia (MFS - Martinčič et al. 2007 ), Flora alpina (Aeschimann et al. 2004a,b,c) and Poldini et al. (2001) The nomenclature of Flora alpina -Sesleria caerulea was used for the taxon Sesleria caerulea subsp. calcaria (MFS) and Gnaphalium for the genus Omalotheca (MFS). The nomenclature of Vascular flora of Friuli Venezia Giulia was used for the taxon Achillea clavennae. Frahm & Frey (1992) and Martinčič (2003) are the nomenclatural source for the names of mosses, and Wirth (1995) and Suppan et al. (2000) for the names of lichens. The names of syntaxa follow Englisch (1993) , Grabherr & Mucina (1993) , Theurillat (2004) , Surina & Dakskobler (2017) , Šilc & Čarni (2012) and Mucina et al. (2016) . In the classification of species into phytosociological groups (groups of diagnostic species) we mainly refer to the Flora alpina (Aeschimann et al. 2004a,b) . The geographic coordinates of relevés from Slovenia are determined according to the Slovenian geographic coordinate system D 48 (5th zone) on the Bessel ellipsoid and with Gauss-Krüger projection.
All of the relevés discussed in this article were made in the alpine belt of the Julian and Carnic Alps. The geological bedrock in the study area is mainly calcareous, limestone and dolomite limestone, interlayered with more silicate rocks, marlstone, claystone and chert (Buser 2009 ), in the Carnic Alps Werfen sandstone and limestone. The studied communities occur on different forms of rendzina (rendzina on limestone with chert intercalations), and on Eutric or Dystric Ranker (Vidic et al. 2015) . The climate is montane, with mean annual precipitation of 2500 to 3000 mm (Zupančič 1998) and mean annual air temperature of -2 to 0 ºC (Cegnar 1998) . The researched stands are usually covered with snow from November to June. The growing season usually lasts from the middle of June to the end of September (or beginning of October).
Results and discussion
Through hierarchical classification as demonstrated in Figure 2 , the 15 stands of alpine grasslands with dominant Luzula alpinopilosa from the Julian Alps (made by ID Igor Dakskobler and TW Tone Wraber) in Figure 1 and 8 relevés from the Carnic Alps (made by LP Livio Poldini) grouped together. Most of the relevés from the Carnic Alps, except for two, formed a separate cluster, so we marked the relevés from the Julian Alps TWID and the relevés from the Carnic Alps LP (Table 2, synthetic table) .
The following syntaxa were also arranged in the synthetic table:
• BB Luzuletum spadiceae, Central Alps, Braun-Blanquet & Jenny (1926, Englisch (1993) discussed it in the framework of the association Luzuletum spadiceae. Friedel's relevé characterises a syntaxon with dominant Salix herbacea and Juncus jacquinii, and indicates the presence of Luzula alpinopilosa, so it is clearly different from our relevés.
Hierarchical classification was performed in two ways, by taking into account the constancy of species (Figure 3 ) and by taking into account only presence or absence of species (Figure 4) .
The results are not similar, but indicate that the communities with dominant Luzula alpinopilosa on mixed, calcareous-silicate bedrock are floristically distinctly different from communities with this species on silicate bedrock and cannot reliably be classified into the same association. The relevés from the Julian Alps cannot be classified into the association Taraxaco-Luzuletum alpinopilosae either, because floristic similarity between them (according to Sørensen 1948 ) is only about 35%, even though the taxon Taraxacum carinthiacum also belongs into the section Taraxacum sect. Alpina that occurs in several relevés also in the stands from the Julian Alps. In terms of Sørensen's similarity index (1948) the floristic similarity of the stands from the Julian Alps with the stands of the subassociation Luzuletum alpinopilosae salicetosum retusae is only about 40%, although both compared communities comprise several shared diagnostic species (Salix retusa, S. reticulata, Juncus jacquinii, Geum montanum, Potentilla aurea, Homogyne alpina, Silene acaulis, Galium anisophyllum, Doronicum glaciale) . The reason for low floristic similarity between these two syntaxa is that their stands occur in very different phytogeographical areas (Southeast Limestone Alps and Central Alps, respectively) and also in different ecological conditions. Considering only the presence and absence of species the relevés from the Carnic Alps are the most similar to the relevés from the Lower Tauern (Niedere Tauern) in Austria; when taking into account the species constancy, the similarity is smaller and the relevés group separately.
As Salix retusa is very rare in the relevés of the stands from the Carnic Alps, classification into the subassociation Luzletum alpinopilosae salicetosum retusae is not optimal, because of the absent Taraxacum carinthiacum (Taraxacum sect. Alpina), nor can it be classified into the association Taraxaco carinthiaci-Luzuletum alpinopilosae. Because two of the relevès from the Carnic Alps are floristically closer to some of the relevès from the Julian Alps (see Figure 2 ), other relevès from the Carnic Alps could also still be treated in the framework of the community from the Julian Alps. Based on the comparisons made, we classify the studied stands from the Julian and Carnic Alps into the new association Junco jacquinii-Luzuletum alpinopilosae. Its diagnostic species are Luzula alpinopilosa, Juncus jacquinii, Geum montanum, Rhodiola rosea, Phleum rhaeticum and Trifolium pallescens. The geographical differential species are Doronicum glaciale, Homogyne discolor and Astrantia bavarica. Diagnostic species characterise nutrient-rich, moist and slightly acidic alpine grasslands on mixed geological bedrock in the (South)Eastern Alps. The nomenclatural type, holotypus, of the new association is relevé 9 in Table 1 . The classification of the new association into higher syntaxonomic units is very problematic. According to the groups of diagnostic species (Table 3, Columns 1 and 2) the proportion of the species of the class Elyno-Seslerietea (including syntaxa Caricion ferrugineae, Oxytropido-Elynion, Caricion austroalpinae, Caricion firmae, Seslerion coeruleae) totals 28.44% (for the subunits from the Julian Alps), and 13.27% (for the subunit from the Carnic Alps). The proportion of the diagnostic species of the class Juncetea trifidi (including syntaxa Nardion strictae, Loiseleurio-Vaccinietea, VaccinioPiceetea and Oxycocco-Sphagnetea) is 24.74% (for the subunits from the Julian Alps) and 43.33% (for the subunit from the Carnic Alps). The proportion of diagnostic species of classes Salicetea herbaceae and Thlaspietea rotundifolii (including syntaxa Androsacetalia alpinae and Arabidetalia caeruleae) is 18.63% (for the subunits from the Julian Alps) and 27.33% (for the subunit from the Carnic Alps). Beside these groups, at least in the subunits from the Julian Alps, there is a relatively high proportion of diagnostic species of the class Mulgedio-Aconitetea (10.4%) and of the order Poo alpinae-Trisetetalia (9.38%). According to this analysis classification into the classes Salicetea herbaceae or Thlaspietea rotundifolii is not possible. If we had to decide between classes Elyno-Seslerietea and Juncetea trifidi, the last would have priority, because Juncus jacquinii and Geum montanum, two frequent diagnostic species of the new association, both belong into this class. There are two syntaxa of this class for the communities in the Southeastern Alps: Caricion curvulae Br.-Bl. 1925 (order Caricetalia curvulae), which includes alpine sedge swards on siliceous substrates of the Alps, and the Eastern and Southern Carpathians and order Festucetalia spadiceae Barbero 1970, which includes acidophilic subalpine and alpine species-rich grasslands of the Alps, the Carpathians and the Northern Apennines, with two alliances, Nardion strictae and Festucion variae (Mucina et al. 2016: 79) . Our community does not fit entirely into any of these tree alliances, so we suggest a description of a new alliance Table 1 , and characterises the typical form of a moist alpine grassland on mixed calcareous-silicate bedrock.
• leucanthemopsietosum alpinae subass. nova hoc loco, with differential species Leucanthemopsis alpina, Hieracium alpinum and Arenaria biflora. Its nomenclatural type, holotypus, is relevé 18 in Table 1 and comprises relevés from the Carnic Alps that are floristically very different and could be classified also into the association Luzuletum alpinopilosae s. lat.
Conclusions
Luzula alpinopilosa is relatively rare in Slovenia and occurs only in the alpine belt in the Julian Alps, on areas with persistent snow cover where the soil is consequently moist and, due to silicate intercalations, also acidic. It is characteristic for snow bed communities (Salicetum herbaceae s. lat.) as well as for alpine grasslands in gullies and shady promontories classified into the new association Junco jacquinii-Luzuletum alpinopilosae. Its classification into higher syntaxonomic units is very problematic, so we suggest a description of a new alliance Doronico 100.00 100.00 100.00 100.00 100.00 Table 3 : Groups of diagnostic species in the communities with dominant Luzula alpinopilosa in the Alps (relative frequencies). Tabela 3: Skupine diagnostičnih vrst v združbah s prevladujočo vrtso Luzula alpinopilosa v Alpah (relativne frekvence).
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